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(54) PROCESS FOR PREPARING 
BUTANEDIOM1.4) 



(71) We, HOECHST AKTIEN - 
GESELLSCHAFT, a body corporate orga- 
nised according to the laws of the Federal 
Republic of Germany, of 6230 Frankfurt/ 

5 Main 80, Postfach 80 03 20, Federal Repub> 
lie of Germany, do hereby declare the in- 
vention for which we pray that a patent may 
be granted to us, and the method by which it 
is to be performed, to be particularly de- 

10 scribed in and by the following statement:- 
This invention relates to a single-stage, 
catalytic process for preparing butanediol- 
(L4) from maleic anhydride, maleic acid or 
mixtures thereof. 

15 Butanediol-(1.4) is used, for example, as 
a starting material for preparing polyester fi- 
bers; in this process butanedioMl.4) is 
reacted, for example, with terephthalic acid 
at an elevated temperature in the presence 

20 of catalysts to yield polybutylene terephtha- 
late. 

Processes for preparing butanediol-(l,4) 
are already known. In addition to a number 
of processes based, for example, on acety- 
25 leneformaldehyde or 1,4-dihaiobutane, pro- 
cesses for preparing butanediol-( 1 .4) from 
7-butyrolactone have recently been de- 
scribed. 

Economic and technically useful proces- 
30 ses for preparing butanediol-(1 .4) directly 
from maleic anhydride or maleic acid have 
not been proposed hitherto, it is true that 
maleic anhydride may be converted into 
butanediol-(L4) in a yield of at most 649^^, 
35 but the Raney cobalt used as catalyst in this 
process is unsuitable for continuous opera- 
tion, since it is dissolved and irreversibly 
deactivated by maleic anhydride and by 
maleic acid formed as an intermediate even 
40 after a short period. The reaction also re- 



quires extremely high pressures of about 800 
bars and temperatures of about 275°C, at 
which the diol formed is dehydrated with 
considerable formation of tetrahydrof uran . 

When using nickel molybdate or nickel 4; 
chromate catalysts described in known pro- 
cesses, butanediol-(1.4) is obtained from 
maleic mdiydride in a yield of about 50% 
only besides considerable quantities of tet- 
rahydrof uran. This process also requires 5 
very high pressures of about 800 bars which 
may only be obtained with difficulty. The 
catalysts are also unstable in prolonged use 
and are dissolved and deactivated by acids, 
like the copper chromium oxides known for 5 
ester hydrogenation. The same applies to 
pure nickel catalysts. 

When using catalysts which are described 
as being more stable towards acids and con- 
tain for example rhenium, rhenium- 6 
molybdenum-cobalt, nickel-molybdenum- 
rhenium or nickel-rhenium, maleic anhyd- 
ride or maleic acid can be converted into 
butanediol-(1.4) up to at most 9 to 14%. In 
this process there are formed as main pro- 6 
ducts generally in a yield of more than 90% 
succinic acid, tetrahydrofuran and y- 
butyrolactone. In this case also, dissolution, 
especially of the nickel or cobalt portions of 
the catalysts, takes place. In other cases no 7 
butanediol-(1.4) is formed from maleic. 
anhydride or maleic acid when using rhe- 
nium catalysts, but only succinic acid. The 
same applies to platinum and rhodium 
catalysts. When usinp palladium catalysts, 7 
for example palladium/carbon catalysts, 
takes place. In other cases no butanediol- 
(1.4) IS formed from maleic anhydride or 
maleic acid when using rhenium catalysts, 
but only succinic acid. The same applies to 8 
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platinum and rhodium catalysts. When us- 
ing palladium catalysts, for example palla- 
dium/carbon catalysts, maleic anhydride 
may be hydrogenated only to the stage of 
5 Y-butyrol- actone or the reaction is stopped 
at the succinic acid stage. 

The present invention is based on the 
observation that maleic anhydride or maleic 
acid or mixtures thereof may be converted 

10 directly into butanediol-(1.4) in a one-step 
catalytic reaction with excellent yields and 
conversions and a very high service life of 
the catalysts. 
This is very surprising since acceptable 

15 yields have been obtained hitherto only with 
unstable catalysts completely unsuitable for 
prolonged technical use. When more stable 
catalysts arc used very low yields of butane- 
diol-(1.4), if any, or succinic acid only, are 

20 obtained. 

The present invention provides a process 
for preparing butanediol-(1.4) which com- 
prises hydrogenating maleic anhydride, 
maleic acid or a mixture thereof in the pre- 

25 sence of a catalyst comprising an element of 
group VIIA of the Mendeleef Periodic 
Table or a compound thereof and ruthe- 
nium, rhodium, palladium, osmium, iri- 
dium, or platinum or a mixture of such ele- 

30 ments and compounds. 

The process of the present invention is 
especially distinguished by the fact that 
practically no by-products such as tetrahy- 
drofiiran, y-butyrolactone and sucdmc aad 

35 are obtained and that the formation of n- 
butanoK disclosed in the literature during 
hydrogenation of maleic anhydride and 
maleic acid to tetrahydrofuran and y- 
butyrolactone, is insignificant. 

40 The process of the present invention for 
preparing butanedioML4) is a technically 
simple and very economical method, in 
which problems associated with waste pro- 
ducts, which may be observed in the former 

45 processes for preparing butanediol-( 1 .4) 
from dihalobutanes, do not occur. 

The catalysts used in the process of the 
present invention contain elements or com- 
pounds of elements of group VIIA of the 

50 Mendeleef Periodic Table (manganese, 
technetium and rhenium), and ruthenium, 
rhodium, palladium, osmium, irridium or 
platinum or compounds thereof, including 
mixtures of elements of one group with 
55 compounds of elements of the other group. 
Preferred group VIIA elements are man- 
ganese and rhenium. The preferred speci- 
fied group VIII elements are palladium and 
platinum. The most preferred catalyst mate- 
60 rials are those comprising palladium/rhe- 
nium, platinum/rhenium and platinum/pal- 
ladium/rhenium. 

An especially surprising advantage in the 
present process resides "in the fact that 
65 catalyst selectivity may be obtained by sim- 



ple combination of elements of group VIIA 
or compounds thereof with the specified 
group VIII elements or compounds thereof, 
which cannot be obtained when using ele- 
ments of one group or compounds thereof 70 
alone, especially with rhenium or palla- 
dium. 

In addition, it was not to be expected that 
practically quantitiative conversion of 
maleic anhydride and/or maleic acid could 75 
thus be obtained without notably less activ- 
ity of the catalysts used according to the pre- 
sent invention. 

The combination of the elements of group 
VIIIA with the specified group VIII ele- 80 
ments, especially rhenium and palladium, 
and/or their compounds, has therefore, a 
surprising, and considerable stabilizing 
effect and increases significantly the life of 
the catalysts as compared to those described 85 
in the literature. This is of decisive import- 
ance for prolonged technical operation and 
as a result the present process is superior to 
the prior art processes. 

In the process according to the present in- 90 
vention, the catalysts are generally used in a 
pulverulent form. They may also be used, 
however, in a tabletted form or mixed with 
inert materials which optionally serve as car- 
riers. 95 

Suitable carriers are, for example: silicon 
dioxide, titanium dioxide, silicon dioxide- 
aluminium oxide, carbon, thorium oxide, 
zirconium oxide, silicon carbide, spinels and 
aluminium oxide. The carrier may be pul- 100 
verulent or shaped, for example as granules, 
pellets, tablets, compressed extruded mate- 
rials, saddles, rings or tubes having a hon- 
eycomb structure. 

If supported catalysts or catalysts mixed 105 
with inert materials are used, the quantity of 
the catalytically active substance is generally 
in the range from 0.1 to 50% by weight of 
the total quantity of the catalyst. The quan- 
tity of the inert material (carrier) is conse- 110 
quently from 99.9 to 50% of the total weight 
of the catalyst. 

The weight ratio of the elements of group 
VIIA to those of group VIII is preferably in 
the range from 99: 1 to 1:99, more preferably 115 
from 10:1 to 1:10. 

The catalysts may be present in the form 
of elements or as compounds or as mixtures 
of both, optionally together with carriers. 
Consequently they may be prepared using 120 
directly suitable compounds being optional- 
ly supported or by reducing these com- 
pounds to a greater or lesser extent, option- 
ally to the elements. 

Suitable compounds are, for example: ox- 125 
ides, hydrated oxides, carbonates, nitrates, 
borides, carboxylates (such as acetates, 
propionates and butyrates) and chelates of 
1, 3-diketo compounds (for example eno- 
lates such as acetyl acetonates, benzoyl ace- 130 



3 



1,551,741 



3 



tonates and acetoacetic acid ester com- 
pounds). Especially suitable are carboxy- 
lates, acetylace tonates, oxides and hydrated 
oxides. For technical and economic reasons, 

5 the use of rhenium, for example, in the form 
of potassium perrhenate or rhenium heptox- 
ide, and of palladium in the form of palla- 
dium (II) acetate or acetyl-acetonate is 
especially advantageous, as these com- 

10 pounds are commercially available. 

For preparing, for example, palladium- 
rhenium catalysts, a solution of a palladium 
carboxylate or of a compound reacting with 
a carboxylic acid to yield palladium carboxy- 

15 late, such as hydrous palladium oxide, palla- 
dium nitrate, palladium hydroxycarbonate 
or a salt of a 1 ,3-diketo-compound such as 
acetoacetic acid ester or acetylacetone, in an 
anhydrous or water-containing carboxylic 

20 acid together with perrhenic acid or its salts, 
is applied to the carrier, for example by im- 
pregnating, immersing or suspending the 
carrier material or by spraying. The car- 
boxylic acid is then eliminated by drying, 

25 preferably at an elevated temperature, in 
vacuo or under atmospheric pressure. The 
catalyst can then be used directly, but is pre- 
ferably treated with a gaseous or liquid re- 
ducing agent at a temperature from 15 to 

30 200°C. 

Suitable carboxylic acids are all liquid 
aliphatic carboxylic acids having of from 2 to 
10 carbon atoms which may be vaporized in 
vacuo without being decomposed. Acetic 

35 acid, propionic acid and butyric acid are 
preferably used: especially preferred is ace- 
tic acid. 

The solutions of both compounds used for 
preparing the catalysts, for example a palla- 

40 dium salt and a rhenium compound, may be 
applied separately to the carrier material, 
but the palladium and rhenium compounds 
are preferably dissolved in a single carboxy- 
lic acid. It is also possible to apply firstly 

45 from carboxylic acid solution one of the pal- 
ladium comjpounds to the carrier material 
and to apply subsequently the solution of a 
rhenium compound in a carboxylic acid. 
The reduction of the catalysts may be per- 

50 formed in the liquid phase, for exanipie with 
hydrazine hydrate, but is advantageously 
carried out at an elevated temperature, for 
example from 100 to ZOOX, in the gaseous 
phase with reducing vapours or gases such 

55 as hydrogen, methanol, formaldehyde, 
ethylene, propylene and butene, in a diluted 
or undiluted form. Strongly diluting at the 
beginning with inert gases such as nitrogen, 
carbon dioxide and noble gases and increas- 

60 ing the concentration of the reducing agent 
as^the reduction progresses have proved espe- 
cially advantageous, so that the reduction 
may"^be terminated for example in pure hyd- 
rogen. The reduction may be performed in a 

65 separate device or in the" apparatus used for 



converting maleic anhydride and/or maleic 
acid into butanediol-(1.4). 

The catalysts may be pyrophoric. In this 
case they must be appropriately treated. Re- 
ducing the catalyst and reacting maleic acid 70 
and/or the anhydride in the same apparatus 
is especially advantageous in this case. 

An important factor in carrying out the 
single-step direct process of the present in- 
vention on an industrial scale is that practic- 75 
ally no succinic acid is formed, an acid which 
would readily precipitate owing to its ex- 
tremely low solubility and cause obstruction 
of the apparatus or require a further reac- 
tion step. 80 

For carrying out the process of the pre- 
sent invention in an optimum manner, the 
hydrogenolysis of maleic anhydride and/or 
maleic acid is generally performed under an 
elevated pressure and at an elevated tern- 85 
perature. 

The reaction temperatures are therefore 
generally from 50 to 300^C, preferably from 
150 to 250°C. 

The reaction pressure is generally from 50 9C 
to 500 bars, preferably from 100 to 350 bars. 

The hydrogen for the hydrogenolysis of 
maleic anhydride or maleic acid is generally 
used in a considerable stoichiometric excess. 
Unreacted hydrogen mdy be recycled to the 9~ 
reaction zone. The reaction may be carried 
out continuously or discontinuously. Hy- 
drogen is generally used in a technically 
pure form. Admixtures of inert ^ases such 
as nitrogen, however, do not disturb the K 
course of the reaction. 

The reaction time in the process of the 
present invention is generally from 5 mi- 
nutes to 8 hours, for example about 3 to 6 
hours, when working discontinuously in an K 
autoclave. 

Pulverulent catalysts may be filtered off at 
the end of the reaction or be separated by 
centrifugation and be reused without a 
noticeable loss of activity. 1- 

When working continuously, for example 
in the trickling phase, tabletted catalysts or 
those applied on carriers are generally used. 

The solvents generally used in hydrogena- 
tions may be used, for example dioxan, tet- 1- 
rahydropyran or other cyclic or straight 
chain ethers, for example tetrahydrofuran 
or diethyl ether. Polyalkylene glycol dialkyl 
ethers, for example tetramethyleneglycol di- 
butvl ether, tetramethylene-glycol dipentyl 11 
ether, tetraethyleneglycol dimethyl ether, 
tetraethyleneglycol diethyl ether and dieth- 
yleneglycol dibutyl ether or mixtures of 
these or other solvents may also be used. 
Solvents having a boiling point above 245''C 1' 
have proved especially advantageous. The 
content of maleic acid and/or anhydride in 
the initial solution in this case is generally 
from 5 to 60% by weight. Using maleic 
anhydride as a 20 to 40% by weight solution i: 



4 



1,551,741 



4 



in 1, 4-dioxan has proved advantageous. 
Water is also suitable as a solvent for maleic 
acid. The quantity of catalyst used for the 
hydrogenation is generally from 0.5 to 25% 

5 by weight of the quantity of maleic anhy- 
dride or maleic acid. 

Maleic anhydride, maleic acid and any 
mixture of both substances may be used as 
the starting material. 

10 The reaction mixtures are generally work- 
ed up by fractional distillation. 

The following method has proved espe- 
cially advantageous for preparing butane- 
dio!-(L4) discontinuously: to a solution of 

15 maleic anhydride in K4-dioxan in a high 
pressure autoclave together with the 
catalyst, hydrogen is Introduced under 
pressure anil the reaction mixture is heated. 
At the end of the reaction the reaction mix- 

20 ture is cooled, the catalyst is separated and 
the mixture is distilled by fractionation. 

The following Examples illustrate the in- 
vention. 

25 Example I: 

27g of palladium acetate and 4 g of rhe- 
nium heptoxide were dissolved in 1200 ml of 
acetic acid at 80°C and 100 g of kieselguhr 

30 were added. The mixture was evaporated to 
dryness in vacuo while stirring and then re- 
duced in a hydrogen atmosphere at 200^*0. 

0.5 mol of maleic anhydride (49g) were 
dissolved in 100 ml of dioxan. The solution 

35 was poured into a 1 liter autoclave provided 
with a shaking device together .vith 5 g of 
the pulverulent kieselguhr catalyst contain- 
ing 10. 6^/^ of palladium and of rhe- 
nium. Hydrogen was introduced until a 

40 pressure of 215 bars was reached and the 
mixture obtained was rapidly heated to 225 
to 230''C. After about 6 hours the reaction 
was interrupted and the reaction mixture 
was rapidly dried. After separation of the 

45 catalyst 151.5 g of a water-clear, colorless 
reaction solution was obtained containing 
27.9 '^f of 1 .4>butane-diol (42.2 g) corres- 
ponding to 93.8^f of the theory. Besides 
butanediol-(l,4) and the solvent dioxane, 

50 water could be detected as well as rather 
small quantities of y-butyrolactone, tetrahy- 
drofuran, n-butanol by gas chromatography 
and traces of succinic acid by titrimetry. 

55 Example 2: 

49 g of maleic anhydride were dissolved in 
100 ml of dioxane. The solution was reacted 
together with 5.9 g of the slightly wet 
catalyst, which had already been used in Ex- 

gO ample 1 and had been filtered off, in the 
manner described in Example I. There 
were obtained 149.8 of a water-clear color- 
less solution containing 28.2^^ of 1.4- 
butanediol (42.3 g). This corresponded to 

g5 93.9^r of the theory. The reaction mixture 



contained still small quantities of a polyester 
besides the substances cited in Example 1. 

Example 3: 

The calculated quantity of platinum ace- 70 
tate and rhenium heptoxide in acetic acid 
solution was admixed with kieselguhr, dried 
and reduced as described in Example 1 . 

A solution of 58 g of maleic acid (0.5 mol) 
in 200 ml of water was poured into a 1 liter 75 
steel autoclave together with 6 g of the 
kieselguhr catalyst containing 10% of plati- 
num and 2.8% of rhenium. Hydrogen was 
introduced until a pressure of 195 bars was 
obtained and the reaction mixture was 80 
rapidly heated to 230°C. 

After a reaction time of about 3 and a half 
hours another 25 bars of hydrogen were in- 
troduced. After a total reaction time of 5 
hours the reaction was stopped, as no furth- 85 
er hydrogen absorption could be observed. 
The catalyst was separated by a centrifuge 
and 253 g of a reaction solution were 
obtained. 

The water-clear, colorless solution con- 90 
tained 16% or 40.8 g of butanediol-(1.4) 
corresponding to 90.0% of the theory. 

The reaction mixture contained besides 
butanediol-(1.4) and water 0.53% of y- 
butyrolactone, 0.6% of n-butaneol as well 95 
as small portions of tetrahydrofuran, succi- 
nic acid and butyric acid. 

Example 4: 

For preparing the desired quantity of the 100 
catalyst, palladium acetate, rhodium acetate 
and rhenium heptoxide were dissolved in 
the calculated quantities in acetic acid, alu- 
mosilicate jjowder was added and the mix- 
ture was dried and reduced as described in 105 
Example 1. Then 0.5 mol of maleic anhy- 
dride (49 g) were dissolved in 100 g of tet- 
rahydropyran (about 114 ml). 5.2 g of the 
kieselguhr-aluminium oxide catalyst were 
added containing 8.3% of palladium, 4.2% 110 
of rhodiuum and 2.7% of rhenium and the 
mixture was placed into a 0.5 liter autoclave 
provided with a magnetic type hfting stirrer. 
After having introduced hydrogen until a 
pressure of 189 bars was obtained the mix- 115 
ture was rapidly heated to 220°C and 
allowed to reaction for a total of 4 and a half 
hours. Thereafter it was rapidly cooled, the 
catalyst was separated and the reaction mix- 
ture was analyzed by gas chromatography, 120 

147g of a solution were obtained contain- 
ing 26.9% of butanedioHl.4) (39.6 g), 
which corresponded to about 88% of the 
theory. 

Example 5: 125 

For preparing the catalyst 100 g of active 
carbon (810 m-/g according to BET, pore 
volume of 0,9 ml/g) were impregnated with 
a solution of 20 g of NaaPdC^ in 86 ml of 
water, dried while stirring, impregnated 130 
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with a solution of 4 g of NaOH in 88 ml of 
H:0 and allowed to stand for 2 hours. 
Thereafter the mixture was washed until it 
was free from chloride, dried to a weight of 

5 150 g, impregnated with a solution of 6 g of 
Re^Ov in 50 ml of water, dried while stirring 
and reduced in hydrogen at 200°C. 

0.25 mol of maleic anhydride (24 g) and 
0.25 mol of maleic acid (29 g) were dissolved 

10 in 100 ml of slightly heated dioxan 5 g of the 
catalyst based on active carbon powder 
were added which contained 4.1% of rhe- 
nium and 8.2% of palladium oxide and the 
mixture was poured into a 0.5 liter high 

15 pressure autoclave provided with a shaking 
device. 

After having introduced hydrogen until a 
' pressure of 170 bars was obtained, the mix- 
ture was heated to 232^^0 and allowed to 
20 react for 3 hours. Another 40 bars of 
hydrogen were introduced and the reaction 
mixture was rapidly cooled after 1.5 hours. 
The catalyst was then separated, from the 
mixture. 

25 149.3 g of reaction solution were obtained 
containing 39.8 g of butanediol-(1.4). 



Example 6: 
The kieselguhr catalyst used in Example 1 

30 was compressed to tablets having a diameter 
of 6 mm and a thickness of 2mm on a pellet- 
ing machine. 1 liter of this catalyst was 
poured into a stainless steel high pressure 
reactor having a length of about 2 m. The 

35 apparatus was flushed with nitrogen and 
hydrogen was slowly added until a pressure 
of 260 bars was attained. While adding hyd- 
rogen at the lower end of the reactor a 32% 
solution of maleic anhydride in dioxan was 

40 added at the upper end and allowed to trick- 
le over the catalyst. As soon as a liquid left 
the reactor at the lower end, the reaction 
mixture was slowly heated to the working 
temperature of 225°C while continuing the 

45 addition of hydrogen at a rate of about 8 to 
10 Nm Vh (N meaning that the volume is cal- 
culated under normal conditions of temper- 
ature and pressure i.e. of 0°C and 760 
mmHi:) and dioxan-maleic anhydride at a 

50 rate of about 1520 g/h. Two hours after hav- 
ing attained the working temperature of 
225°C the leaving reaction mixture was 
analyzed at hourly^intervals. Per hour there 
were obtained about 1560 g of reaction mix- 

55 ture containing on the average from 25 to 
269r of butanediol-(1.4), which correspond 
to about 85 to 90% of the theoretical yield 
of butanediol-(1.4), A decrease of the out- 
put could not be observed even after 300 

60 working hours. 

Example 7: 

20 g of palladium acetate, 10 g of iridium 
acetate and 4 g of rhenium heptoxide were 
65 dissolved in 600 ml of glacial acetic acid and 



100 g of kieselguhr were introduced by stir- 
ring; the mixture was dried in a rotary eva- 
porator at 60°C in a water jet vacuum. The 
dried catalyst was reduced in an aqueous 
solution of a sodium borohydride at a tem- 70 
perature of 40°C, then washed and dried. It 
contained 8.2% of palladium, 4% of iridium 
and 2.3% of rhenium as borides, the percen- 
tages being calculated on the elements. 

5 g of this catalyst were placed in an auto- 75 
clave with 0.5 mol of maleic anhydride and 
100 ml of dioxan and treated as described in 
Example 1. 

148.1 g of a water-clear colorless reaction 
solution were obtained containing 39.8 g of 80 
butanedioHl.4). 

Example 8: 

19.5 g of palladium acetate, 7.7 g of ruthe- 
nium acetate and 3.3 g of rhenium heptox- 85 
ide were dissolved in 900 ml of acetic acid, 
100 g of zirconium oxide were introduced by 
stirring, the mixture was dried in a rotary 
evaporator in vacuo and reduced in hy- 
drogen at 200*'C. 9C 

0.5 mol of maleic acid (58 g) were dis- 
solved in 100 mi of warm dioxan. 7.5 g of a 
zirconium oxide catalyst contraining 8.1 •% 
of palladium, 2.5% of ruthenium and 2.2 % 
of rhenium were added and the mixture was 9f 
placed into a 0.5 liter autoclave provided 
with a magnetic type lifting stirrer. Hyd- 
rogen was introduced until a pressure of 178 
bars was obtained, the mixture was rapidly 
heated to 215°C and allowed to reaction for 1( 
3 and a half hours. The mixture was cooled, 
the pressure released and the reaction solu- 
tion was analyzed. After having filtered off 
the catalyst 138 g of a solution containing 
24.8% or 34.9 g of butanedioKl.4) was 1( 
obtained, which corresponded to about 78 
% of the theory. 

Comparative Example 1: 

27 g of palladium acetate were dissolved 1: 
in 1200 g of glacial acetic acid at 80*'C and 
100 g of kieselguhr were added. This mix- 
ture was dried and reduced as described in 
Example 1. 

0.5 mol of maleic acid (149 g) were dis- l: 
solved in 100 ml of dioxan. The solution was 
reacted in the manner described in Example 
1 with 5 g of the kieselguhr catalyst contain- 
ing 10 % of palladium. 

148.3 g of a slightly yellow solution were 1! 
obtained, containing only 3.5 % (5.2 g) of 
butanediol-(1.4). The main product of the 
reaction was 6-butyrolactone being present 
in the reaction solution in an amount of 23.1 
%. 

Comparative Example 2: 

3.2 g of rhenium heptoxide were dissolved 
in 400 ml of glacial acetic acid and 100 g of 
kieseleuhr were introduced by stirring this 
mixture was dried and reduced as described 1 
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in Example 1. 

The hydrogenation was carried out as de- 
scribed in Comparative Example 1, but by 
using instead of the catalyst used therein 5 g 

5 of the SiOz catalyst containing 2.3 % of rhe- 
nium. 147.2 g of a reaction solution were 
obtained containing only traces (<0.2 %) of 
butanedioHl.4), 10.2 % of Y-butyrolactone 
but more considerable quantities of succinic 

10 acid, partly precipitating. 

WHAT WE CLAIM IS:- 

1 . A process for preparing butanediol- 
( ! .4) which comprises hydrogenating maleic 
anhydride, maleic acid or a mixture thereof 

1^ in the presence of a catalyst comprising an 
element of group VIIIA of the Mendeleef 
Periodic Table or a compound thereof and 
ruthenium, rhodium, palladium, osmium, 
iridium or platinum or a compound thereof 

20 or a mixture of such elements and com- 
pounds. 

2, A process as claimed in claim I, 
wherein the group VIIA element is man- 
ganese or rhenium. 

25 3. A process as claimed in claim 1, 
wherein the catalyst comprises rhenium or a 
compound thereof and palladium and plati- 
num or a compound thereof, 

4. A process as claimed in claim 1, 
30 wherein the catalyst comprises rhenium or a 

compound thereof and palladium or a com- 
pound thereof. 

5. A process as claimed in any one of 
claims 1 to 4, wherein the compounds are 

35 oxides, hydrated oxides, carboxylates, che- 
lates of 1,3-diketo compounds, nitrates, car- 
bonates or borides. 

6. A process as claimed in any one of 
claims 1 to 5, wherein the catalyst is sup- 

40 ported on a carrier material. 

7. A process as claimed in claim 6, 
wherein the quantity of catalytically active 
substance is from 0.1 to 50*:^ by weight of 
the total quantity of the catalyst. 

45 8. A process' as claimed in claim 6 or 



claim 7, wherein the carrier material is sili- 
con dioxide, silicon dioxide/aluminium ox- 
ide, carbon, titanium dioxide, thorium ox- 
ide, zirconium oxide, silicon carbide, a 
spinel or aluminium oxide. 50 

9. A process as claimed in any one of 
claims 1 to 8, wherein the weight ratio of the 
element of group VIIA to ruthenium, rho- 
dium, palladium, osmium, iridium or plati- 
num is from 99:1 to 1:99. 55 

10. A process as claimed in any one of 
claims 1 to 9, wherein the reaction tempera- 
ture is from 50 to 300°C. 

11. A process as claimed in any one of 
claims 1 to 10, wherein the reaction pressure go 
is from 50 to 500 bars. 

12. A process as claimed in claim 4, 
wherein the catalyst is prepared by applying 
a carboxylic acid solution of a palladium car- 
boxylate or of a palladium compound yield- 
ing a carboxylate in the presence of a car- 
boxylic acid, together with perrhenic acid or 
a salt thereof, to a carrier material, remov- 
ing the carboxylic acid by drying in vacuo or 
under atmospheric pressure and treating the 70 
catalyst with a gaseous or liquid reducing 
agent at a temperature of from 15 to 2()0*'C. 

13. A process as claimed in claim 12, 
wherein the liquid aliphatic carboxylic acid 

has from 2 to 10 carbon atoms, and is vapor- 75 
izable in vacuo without being decomposed. 

14. A process as claimed in claim 1 car- 
ried out substantially as described in any 
one of Example 1 to 8 herein. 

15. A process as claimed in claim 12 car- 80 
ried out substantially as described in any 
one of Example 1, 4, 7 and 8 herein. 

16. Butanediol-(1.4J whenever pre- 
pared by a process as claimed in any one of 
claims 1 to 15. 85 
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